The main objective of this study was to assess whether the capacity of Neisseria meningitidis to release endotoxin depends upon the type of strain or upon bacterial mass. Endotoxin release was studied in 32 strains isolated from patients with meningococcal infections and in 49 from asymptomatic carriers, using a quantitative test (limulus test with a chromogenic substrate). The results show that the strains from patients release significantly higher amounts of endotoxin than strains from carriers regardless of serogroup and isolation site. No correlation was found between stage of bacterial growth and the amount of endotoxin liberated. These findings suggest that endotoxin liberation is a characteristic of certain strains of N. meningitidis and is not determined simply by bacterial mass.
INTRODUCTION
It is known that the endotoxins ofNeissevia meningitidis are released during the growth phase of the microorganism [1] [2] [3] . Although it is not completely clear which mechanisms cause the sequence of events in the fulminant disease sometimes produced by N. meningitidis, studies on laboratory animals [3, 4] point to an origin in the endotoxins liberated by the meningococci.
Epidemiological analyses of the clinical evolution of meningococcal infections reveal that sepsis and shock, when they occur, peak during the first 24 h after the onset of the disease. This has been related to the endotoxin liberating capacity of the meningococci [5] [6] [7] [8] .
The present study attempts to assess and compare liberation of endotoxins in strains producing the disease and in strains from asymptomatic carriers, and to suggest an explanation for their different behaviours in the host.
Because shock may occur within 24 h of infection [6, 9, 10] , we studied quantitatively the sequence of endotoxin liberation throughout a 24-h period of bacterial growth, sampling at 4, 8, 12 , and 24 h. These time periods correspond respectively to the beginning of exponential growth, to its maximum, and to the start of bacterial autolysis.
MATERIAL AND METHODS

Bacterial isolates
A total of 81 strains of N. meningitidis was used. Thirty-two had been isolated by the Department of Microbiology from CSF and blood samples from patients with meningococcal infections admitted to the University of Granada Hospital between June 1985 and December 1987. Most patients were small children. The remaining 49 strains were isolated from asymptomatic carriers from throat swabs taken at the out-patient pediatric unit of the Hospital or from students of the Schools of Medicine and Nursing. Both the isolations and the subsequent identification of the serogroups were by standard techniques (Table 1) .
Colony forming units (c.f.u.) were assessed by a dilution set of the inoculum in medium 199 read by spectrophotometry at 620 nm. Medium 199 was used as the blank.
Technique of endotoxin liberation
The methodology described by Andersen and Solberg [2] was followed. Strains were cultured in a protein-free medium (medium 199) at 37 °C for 24 h. The meningococci precultured for 18 h on blood agar at 37 °C in an atmosphere of 5% CO 2 , were washed three times in 0-9% saline. A bacterial inoculum was prepared at an optical density of 0-6 at 620 nm, the equivalent of 10 8 -10 9 c.f.u./ml. Seven hundred and fifty microlitres of the bacterial suspension were transferred to testtubes containing 20 ml of medium 199. They were shaken and then incubated at 32 °C for 24 h. Growth was observed by turbidometry with a spectrophotometer. From the onset of exponential bacterial growth, four samples were taken, at 4, 8, 12 , and 24 h of culture. Each was divided in two (to duplicate observations) and filtered using sterile 0-45 /tm Millipore filters to avoid passage of bacteria, and were refrigerated at -70 °C until assayed for endotoxin. All reagents, media, and other liquids were pyrogen-free.
Endotoxin assay
The limulus with a chromogenic substrate (endotoxin Coatest, Kabivitrum, Sweden) was used, which permits the quantitative determination of endotoxins [8] . As the number of samples was large, culture filtrates were stored at-70 °C. All the samples were processed in one batch.
Prior to the assay, the samples and the reagents (diluted in pyrogen-free water at appropriate concentrations) were maintained at room temperature for a few minutes. The test is based on the capacity of the lipidic portion -lipid A -of the endotoxins to activate a proenzyme in the amoebocyte lysate of the limulus polyphemus (ALAL). The activated enzyme, in turn, has an amidase activity and catalyses the liberation of P-nitroanaline from the substrate, producing a yellow coloration the intensity of which is proportional to the concentration of endotoxins.
The assay was carried out by adding 75 fi\ of the ALAL to 75 /A of each of the samples, gently shaking and incubating for 10 min at 37 °C. Then 150/tl of a chromogenic buffer-substrate solution was added, and the samples incubated for an additional 3 min. The endotoxin concentration was measured by spectrophotometry at 405 nm.
The endotoxin standard was that of Escherichia coli O l l l : B4 (Coatest endotoxin, Kabivitrum, Sweden). The bacteria-free medium was used as blank.
Endotoxin isolation
To ascertain if the endotoxin liberation capacity depends on the amount of lipopolysaccharide (LPS) in the bacterial wall, endotoxin was extracted and purified from six clinical isolates of N. meningitidis, randomly chosen, using the phenol-water method of Westphal and Jahn [11] .
RESULTS
Each sample and its duplicate yielded similar results. The percentage of variation was in every case less than 5%. The mean of both determinations was taken as the end result.
The strains obtained from patients showed endotoxin liberation ranging from 0-1 to 1-00 ng/ml, the mean values being 0-302, 0-319, 0-324, and 0-317 ng/ml, respectively, at 4, 8, 12 , and 24 h. Liberation was lower than 0-2 ng/ml with the strains from asymptomatic carriers, with mean values of 0-12, 0-114, 0-108, and 0-119 ng/ml, respectively (Table 2) .
A comparison of the mean values of endotoxins liberated in patients and carriers for the four time periods established shows that the former groups present a significantly higher liberation (P < 0-0001) at each of the time periods, regardless of the origin of the isolate, CSF or blood, (Table 3) , and of serogroup (Table 4) .
Bacterial growth (measured as c.f.u.) did not show any relationship to the amount of endotoxin liberated in either patient or carrier strains, although a low, but significant, correlation was observed for patient strains when they were incubated for 4 h ( Table 5 ). Patient strains were further analysed by dividing them into two groups, strains with a high capacity for endotoxin liberation and strains without that characteristic. The results remained unchanged (data not shown). Thus endotoxin liberation has no direct relationship with the quantity of microorganisms (Fig. 1 ). The differences in the amount of endotoxin liberated between the different time periods was evaluated for both patient and carrier strains but were not found to be significant in either group. In Table 6 , the results regarding endotoxin extraction, the amount of LPS found in the extract, and the amount of endotoxin liberated from six strains are presented. The efficiency of the phenol-water method range between O07 and 0-11%. The amount of LPS in the extracts ranged between 72 and 94%. No relationship could be demonstrated between this variable and the amount of endotoxin liberated. None of the linear regression coefficients was significant.
DISCUSSION
Meningococci are able to release complexes from the cell wall which contains endotoxins, which play an important role in the pathogenesis of the meningococcal infection [9, 12] . However, experimental studies [3] have shown that this capacity varies among strains. Our study evaluates the capacity of strains of N. meningitidis isolated from two types of host, patients with meningococcal infections (meningitis or septicaemia) and healthy carriers, to liberate endotoxins in order to relate possible differences to virulence.
The method used was the limulus test using a chromogenic substrate the sensitivity and specificity of which have been assessed as 93 and 95%, respectively [13, 14] . Our results indicate that variation is low, less than 5%.
The results indicate that patient strains liberate significantly higher amounts of endotoxins than do the carrier strains, at each of the time periods studied (4, 8, 12 , and 24 h). A 'liberation' ratio between the two groups yielded a mean value of 2-8 indicating that the bacteria isolated from patients liberate nearly three times as much endotoxin as the meningococci isolated from carriers. These findings agree with those of Andersen and Solberg [3] . They observed a greater degree of liberation of endotoxin in patient strains than we did although their methods of quantification differed from ours.
A potential bias could arise if the isolation site (CSF, blood, or throat) of meningococcal strains has an effect on the strains' capacity to liberate endotoxin, although no relevant studies could be found in the literature. There were no significant differences in the amount of endotoxin liberated between the patient strains isolated from blood and those isolated from CSF. Serogroup was not found to influence the amount of endotoxin liberated by the patient strain, and only minor differences were found between the carrier strains. These findings differ from those obtained by Andersen [8] . Since the methods used were the same as those of this author, the reason for such differences remains obscure unless geographical distribution may be a factor.
In light of the possibility that a greater liberation of endotoxin by patient strains could be associated with a faster and more substantial bacterial growth in the culture medium, the amount of endotoxin in relation to the number of c.f.u. for each time span studied was compared. The results show that the two types of strains exhibit similar growth patterns and no statistical correlation could be established between the c.f.u. number and the amount of endotoxin liberated. This observation agrees with the data of other authors [3, 8] who point out that endotoxin liberation is only partly a function of bacterial growth, and that this liberation is not proportional to the stage of bacterial growth. However, Andersen and Solberg [15] , in a study of 123 strains, found a direct relationship between bacterial growth and the amount of endotoxin liberated. The methods used by us are similar to those performed by them, and again, no explanation has been found for this discrepancy.
The data shown in Table 6 establish that no relationship can be demonstrated between the amount of endotoxin liberated and the amount of endotoxin in the bacteria, and reinforce the suggestion that endotoxin liberation is a property of each meningococcal strain.
Summarizing, it is apparent that the capacity to liberate endotoxin may be a specific property of a bacterial strain and as it is greater in strains isolated from patients with meningococcal infections, a relationship with a greater virulence may exist. In addition, no association can be shown between endotoxin liberation and the origin of the isolate (CSF or blood), serogroup, and bacterial growth.
